Ficolin-2 (FCN2) is an innate immune pattern recognition molecule that can activate the complement pathway, opsonophagocytosis, and elimination of the pathogens. The present study aimed to investigate the association of the FCN2 gene single nucleotide polymorphisms (SNPs) with susceptibility to pulmonary tuberculosis (TB). A total of seven SNPs in exon 8 (+6359 C>T and +6424 G>T) and in the promoter region (-986 G>A, -602 G>A, -557 A>G, -64 A>C and -4 A>G) of the FCN2 gene were genotyped using the PCR amplification and DNA sequencing methods in the healthy controls group (n = 254) and the pulmonary TB group (n = 282). The correlation between SNPs and pulmonary TB was analyzed using the logistic regression method. The results showed that there were no significant differences in the distribution of allelic frequencies of seven SNPs between the pulmonary TB group and the healthy controls group. However, the frequency of the variant homozygous genotype (P = 0.037, -557 A>G; P = 0.038, -64 A>C; P = 0.024, +6424 G>T) in the TB group was significantly lower than the control group. After adjustment for age and gender, these variant homozygous genotypes were found to be recessive models in association with pulmonary TB. In addition, -64 A>C (P = 0.047) and +6424 G>T (P = 0.03) were found to be codominant models in association with pulmonary TB. There was strong linkage disequilibrium (r 2 > 0.80, P < 0.0001) between 7 SNPs except the -602 G>A site. Therefore, -557 A>G, -64 A>C and +6424 G>T SNPs of the FCN2 gene were correlated with pulmonary TB, and may be protective factors for TB. This study provides a novel idea for the prevention and control of TB transmission from a genetics perspective.
Introduction
Tuberculosis (TB) is a chronic infectious disease caused by Mycobacterium tuberculosis (Mtb). Mtb can cause other kinds of TB, but pulmonary TB is the most common [1] . According to the World Health Organization's 2013 global report on TB, an estimated 9.0 million people developed TB and 1.5 million died from this disease, 360,000 of whom were HIV-positive [2] . Onethird of the world's population is infected with Mtb, of which 5-10% will eventually develop active TB [3] .
In 1926, newborn infants from the town of Lübeck in Germany were accidentally vaccinated with live Mtb instead of the vaccine Bacillus Calmette-Guérin (BCG). Some of the babies became severely ill and died, while others were unaffected [4] . In addition, a higher concordance rate has been found in monozygotic twins (60%) than dizygotic twins (20%) [4] . It therefore suggests that genetic factors can influence an individual's susceptibility to TB. Reported publications revealed the importance of genetic predisposition in the etiopathogenesis of TB [5] [6] [7] [8] . Single nucleotide polymorphisms (SNPs) in genes as inducible nitric oxide synthase [9, 10] , solute carrier protein 11A1 [11] , Toll-like receptors [12, 13] , nucleotide oligomerization domain 2 [14] , CD14 [15] , vitamin D nuclear receptor [16] , mannose-binding lectin [17] , surfactant protein A [18] , tumor necrosis factor [19] , interleukin (IL)-6 [20] and IL-10 [21] , monocyte chemoattractant protein-1 [22] , RANTES [23] and C-X-C motif chemokine 10 [24] have been reported [25] to be associated with increased or decreased risk of developing TB.
The complement system plays an important role in host defense against infectious pathogens. It can promote opsonization of pathogens and immune complexes, leukocyte recruitment, inflammation and cell lysis. The lectin pathway is an important pathway of complement activation [26] . Ficolin-2 (also known as P35, L-ficolin) is an innate immunity pattern recognition molecule. It consists of a collagen-like tail and a fibrinogen-related globular head region. A triplet subunit is formed by the collagen-like triple helix, and this then forms higher multimers [27] . Unlike other ficolins, it has complex binding sites within its internal space enabling it to recognize a variety of molecular patterns, such as acetylated sugars and 1,3-β-glucans of pathogens [27] . Ficolin-2 was demonstrated to recognize and bind to a variety of pathogens including hepatitis C virus [28] , pseudomonas aeruginosa [29] , aspergillus fumigatus [30] , bovis [31] , and Mtb [32] through MBL-associated serine proteases (MASPs). The pathogen surface is marked with C3b that can induce phagocytosis, formation of the membrane attack complex and destruction of the cell membrane, resulting in direct elimination of the pathogen [33] .
Ficolin-2 is encoded by the FCN2 gene located on chromosome 9q34. The FCN2 gene has eight exons. Exon 1 encodes the signal peptide and the N-terminal residues. Exon 2 and 3 encode the collagen-like domain. Exon 4 encodes the linker region. Exons 5 to 8 encode the fibrinogen-like domain [34, 35] . SNPs in the FCN2 gene have been reported in TB and other diseases [35] [36] [37] [38] [39] , indicating that FCN2 is involved in infectious diseases. SNPs in the promoter region (-986 G>A, -602 G>A, -557 A>G, -64 A>C and -4 A>G) have been shown to be related to the serum expression of ficolin-2 [40] [41] [42] . Two non-synonymous SNPs in exon 8 (+6359 C>T, Thr236Met and +6424 G>T, Ala258Ser) have been demonstrated to enhance or weaken the binding ability of N-acetylglucosamine [40, 43] . SNPs of the promoter and exon 8 might also be related to some diseases, such as leprosy [44] hepatitis B [45] , malaria [46] , schistosomiasis [41] , and chronic chagas disease [47] . In addition, SNPs in the FCN2 gene associated with low levels of ficolin-2 level might predispose an individual to recurrent and/or more severe streptococcal infection [48] . Functional haplotypes that produce normal ficolin-2 levels protect against clinical leprosy [49] . Ficolin-2 insufficiency has been demonstrated to enhance susceptibility to respiratory infections in children [50] . To the best of our knowledge, SNPs in the FCN2 gene associated with susceptibility to pulmonary TB have not yet been reported. The present study aimed to investigate the association between SNPs of the FCN2 gene and susceptibility to pulmonary TB in the Chinese Han population. The study provides novel ideas for the prevention and control of pulmonary TB.
Materials and Methods

Ethics Statement
The study was approved by the Ethics Committee of School of Medicine (Zhejiang University, China), and informed consent was obtained from all participants before conducting the study. Written informed consent was given by adult participants (or legal guardians of children) for their records to be used in the information system.
Patients and Controls
A total of 282 pulmonary TB patients (157 males and 125 females; aged 18-70 years, mean age 43 years) were recruited from the Sixth Hospital of Shaoxing (Zhejiang Province, China). The blood samples were collected between January 2012 and May 2014. All TB cases were diagnosed according to the guidelines issued by the Chinese Ministry of Health. All patients met one or more of the following diagnostic criteria: (1) at least one positive sputum smear and/or culture; (2) negative sputum examination, but typical pathology of active TB on chest X-ray; (3) histopathological diagnosis of pulmonary TB; (4) anti-TB drug therapy effective for the suspected TB patients during follow-up observation. Patients with extrapulmonary TB, chronic disease, cancer, autoimmune disease, or HIV infection were excluded. Blood samples were collected from all patients before treatment initiation.
A total of 254 healthy controls (147 males and 107 females; aged 20-72 years, mean age 41 years) were recruited from the Zhejiang Hospital (China). Pulmonary TB, hepatitis B, AIDS, autoimmune diseases and other chronic diseases were excluded after history taking, physical examination, and blood tests.
The demographic characteristics of subjects showed no significant differences between the two groups in age, gender, history of TB, and BCG vaccination. All patients and controls were living in the same geographical region (Southeast China), and were from the same ethnic origin (Chinese Han) (S1 Table) .
The early morning fasting blood samples from all participants were collected in EDTA tubes, and then dispensed into sterile centrifuge tubes and stored at -80°C Genotyping FCN2 SNPs information was obtained from the dbSNP database (http://www.ncbi.nlm.nih. gov/snp/) and HapMap database (http://www.hapmap.org). We selected seven SNPs in the FCN2 gene: -986 G>A (rs3124952), -602 G>A (rs3124953), -557 A>G (rs3811140), -64 A>C (rs7865453), -4 A>G (rs17514136), +6359 C>T (rs17549193) and +6424 G>T (rs7851696). Distribution and relative positions of 7 SNPs in the FCN2 gene are shown in S2 Table. SNPs in the FCN2 gene were analyzed by PCR amplification and direct sequencing. Genomic DNA was extracted from peripheral blood leukocytes by the DNA extraction kit (QIAamp 1 DNA Blood Mini Kit, Germany) according to the manufacturer's instructions.
consisted of a denaturation at 94°C for 5 min, followed by 35 cycles of denaturation at 94°C for 45 s, annealing at 56°C for 45 s, and extension at 72°C for 1 min, and a final product extension at 72°C for 10 min. The amplification products were purified with the PCR purification kit (AxyPrep PCR cleaning kit, USA). The purified products were sequenced in the ABI 3100 sequencer (Applied Biosystems, USA).
Statistical Analysis
Hardy-Weinberg equilibrium was assessed by using the chi-square test for healthy controls.
The chi-square test was used to compare allele and genotype distribution in the pulmonary TB patients and healthy controls by the GraphPad Prism version 5.0 software. The correlation between individual SNP and pulmonary TB was analyzed in five different inheritance patterns (codominant, dominant, recessive, overdominant, and log-additive) using the logistic regression method. Odds ratios (OR) and 95% confidence intervals (CI) were calculated by the Miettinen method, and P < 0.05 was considered statistically significant. 
Results
Allele Frequencies and Genotypes Frequencies
Seven SNPs (-986 G>A, -602 G>A, -557 A>G, -64 A>C, -4 A>G, +6359 C>T, and +6424 G>T) in the FCN2 gene were sequenced after PCR amplification (Fig 1) . The allelic distributions of FCN2 SNPs were in accordance with Hardy-Weinberg equilibrium in the control group (P > 0.05) ( Table 1 ). There were no significant differences in allele frequencies between the pulmonary TB group and the healthy controls group (P > 0.05) ( Table 1 ). The frequency of GG genotype at -557 A>G site in the pulmonary TB group (0.010) was lower than the control group (0.040), and there was a significant difference between the two groups (P = 0.037; OR = 0.271; 95% CI, 0.073-1.003). The frequency of CC genotype at -64 A>C site was also lower in the pulmonary TB group (0.011) than the control group (0.040), and there was a significant difference between the two groups (P = 0.038; OR = 0.272; 95% CI, 0.074-1.008). The +6424 G>T TT genotype also had lower frequency in the pulmonary TB group (0.010) than the control group (0.043), and there was a significant difference between the two groups (P = 0.024; OR = 0.250; 95% CI, 0.068-0.911) ( Table 1) .
Correlation Analysis
To correlate the ficolin-2 levels with their respective genotypes, we went through the previous publications and performed genotype-phenotype correlation analysis. We found that -557 A>G, -64 A>C, and +6424 G>T were associated with lower ficolin-2 levels, while -986 G>A, -602 G>A, -4 A>G, and +6359 C>T corresponded to higher ficolin-2 levels ( Table 2) .
The correlation between SNPs and pulmonary TB was analyzed using the logistic regression method. After adjustment for age and gender, the -557 A>G site was found to be the recessive model (P = 0.02; OR = 0.24; 95% CI, 0.07-0.89), and was in significant association with pulmonary TB. The -64 A>C site was found to be the recessive model (P = 0.02; OR = 0.24; 95% CI, 0.07-0.89) and codominant model (P = 0.047), and was in significant association with pulmonary TB. The +6424 G>T site was found to be the recessive model (P = 0.01; OR = 0.23; 95% CI, 0.06-0.82) and codominant model (P = 0.03), and was in significant association with pulmonary TB. Other sites were not significantly correlated with pulmonary TB in five different inheritance patterns (P > 0.05). According to the minimum Akaike Information Criterion (AIC), the best genetic models were the recessive models for -557 A>G, -64 A>C, and +6424 G>T (S3 Table) . 
Linkage Disequilibrium and Haplotypes
There were strong linkage disequilibrium (r 2 >0.80, P < 0.0001) between 7 SNPs of the FCN2 gene except the -602 G>A site. The -557 A>G and -64 A>C sites were completely linked in the control group, while the -557 A>G, -64 A>C and +6424 G>T sites were completely linked in the pulmonary TB group (Fig 2) . The linkage disequilibrium maps were basically identical in the two groups.
Based on logistic regression analysis, we observed the correlations between the constructed haplotypes and the occurrence of pulmonary TB. Considering the strong linkage disequilibrium between -557 A>G, -64 A>C and +6424 G>T sites, and -4 A>G and +6359 C>T sites, we chose -986 G>A, -602 G>A, +6359 C>T, and +6424 G>T sites for haplotype analysis. The frequencies of GGCG and AGTG haplotypes in the pulmonary TB group were higher than the control group, while the frequency of GGCT and AACG haplotype in the pulmonary TB group were lower than the control group. However, all haplotypes with the FCN2 gene polymorphisms were not significantly correlated with pulmonary TB (P > 0.05) ( Table 3) .
Discussion
Previous studies in our laboratory (S4 Table) showed that SNPs in genes were associated with susceptibility to pulmonary TB [11, 14, [51] [52] [53] [54] [55] [56] . The present study is the first to describe the correlation between seven SNPs (-986 G>A, -602 G>A, -557 A>G, -64 A>C, -4 A>G, +6359 C>T, and +6424 G>T) in the FCN2 gene and pulmonary TB. We found significant lower frequencies of -557 A>G GG genotype, -64 A>C CC genotype, and +6424 G>T TT genotype in TB patients (Table 1) , suggesting the protective role of these SNPs. There were strong linkage disequilibrium between 7 SNPs except the -602 G>A site. Moreover, -557 A>G, -64 A>C, and +6424 G>T, and -4 A>G and +6359 C>T sites were linked in TB patients. However, there were no significantly correlated haplotypes. We found that the heterozygote frequency of -602 G>A appeared relatively lower, and there was no AA homozygous genotype. This is consistent with the studies conducted on the Vietnamese [35] , Nigerian [35] , and Japanese populations [57] . However, the frequencies of GA genotype in the Brazilian and European populations have been found to be much higher than the above mentioned populations. Therefore, geographical differences of the -602 G>A genotype frequencies in this study may be the result of racial evolution and environmental interactions. The frequencies of GG, GT and TT genotypes at +6424 G>T in the present study are consistent with the frequencies found in the Brazilian, Nigerian, Vietnamese, and European populations [35] .
The frequency of -557 A>G GG genotype in the pulmonary TB group was lower than the control group. However, previous research on the association between the FCN2 gene and leprosy [44] has shown that the frequency of -557 A>G GG genotype in patients with leprosy was not significantly different (P = 0.085) compared to the healthy controls. In the present study, -64 A>C CC genotype was a protective factor in pulmonary TB patients. However, no such findings were observed in patients with Behcet's disease [57] , indicating that FCN2 polymorphisms vary with different diseases. The frequency of +6424 G>T TT genotype also showed different function of FCN2 between pulmonary TB and paucibacillary leprosy [44] .
Whole blood RNA has been widely applied to characterize differences between individuals with active TB [58] . Mtb evades the host immune system by being phagocytosed by macrophages and neutrophils [59] . Complement-dependent opsonisation of extracellular mycobacteria may assist Mtb to enter into macrophages [31, 60] . Serum mannan binding lectin (MBL) and ficolin-2 have been shown to directly bind to the Mtb, leading to MASP-2 activation [31] . Luo et al. [32] found that ficolin-2 could recognize and bind to the surface glycolipid of virulent Mtb H37Rv. Opsonophagocytosis has also been shown to be promoted by ficolin-2. Herpers et al. [61] found that +6424 G>T is a coding SNP located in exon 8, leading to amino acid substitutions within the fibrinogen-like (FBG) domain. FBG domain is related to the binding ability of ficolin-2. In addition, +6424 G>T T allele could enhance the binding ability for N-acetylglucosamine [43] . Through previous publications, we found that -557 A>G, -64 A>C, and +6424 G>T are associated with lower ficolin-2 levels (Table 2) [40, 42, 45, 46, [62] [63] [64] . As -557 A>G, -64 A>C, and +6424 G>T were linked in pulmonary TB patients, therefore, we assumed that this may affect the ficolin-2 expression and the binding activity of pathogens by influencing the binding ability of N-acetylglucosamine, ultimately affecting the activation of complements. The activity of the complement system depends on the genetic integrity of the genes. Thus gene mutation, SNPs in particular, may play an important role in the immune process. The present study found that the variant homozygous genotype of -557 A>G, -64 A>C and +6424 G>T in the FCN2 gene may be protective factors for TB, and were significantly associated with TB in the recessive model. Correlation between FCN2 SNPs and pulmonary TB revealed an important role of FCN2 in the pathogenesis of TB. This study provides a novel idea for prevention and control of TB from a genetics perspective.
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